Lactoferrin, a major whey protein of human milk, is considered as growth promoter for bifidobacteria, the predominant microorganisms of human intestine. In the present 
Introduction
Since the first isolation by Henry Tissier in 1899-1900, bifidobacteria are thought to be probiotic bacteria because of their potential health benefits to the host [1] . Currently the genus Bifidobacterium is represented by over 30 species [2] . In breast-fed infants, this genus represent up to 91% of the total gut flora of which Bifidobacterium (B.) longum is one of the most representative species [3] . Consumption of B. longum is reported to exert beneficial effects such as antagonistic action towards intestinal pathogens, improve lactose utilization, anticarcinogenic action and control of serum cholesterol levels [4] . Accordingly, the importance of this species has gained wider applications in the formulation of several cultured dairy products, worldwide [5] .
Lactoferrin (Lf), a multifunctional iron binding glycoprotein mainly found in milk and exhibits several biological activities normally associated with a host defense system [6] .
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Although the protein is known for antimicrobial activity as described in recent review [7] , it is also considered to stimulate the growth of bifidobacteria. Several studies in vitro [8] [9] [10] [11] [12] [13] and in vivo [14] have shown that Lf has the ability to promote the growth of bifidobacteria. Interestingly, the published reports to date (Table 1) reveal that strains of B. longum was found to be shown less growth response or inactive against Lf.
Lactoferrin-binding protein was previously detected in Bifidoibacterium spp. and was thought to be involved in promoting the growth of bifidobacteria by Lf [11, 12, 15] . It was also reported that one strain of B. longum (ATCC 15707) did not express lactoferrin-binding protein, and consequently the growth of this strain was not stimulated by Lf [11] . Conversely, we recently reported lactoferrin-binding protein in B. longum ATCC 15708 [16] using the same experimental procedure as described by Kim et al. [15] These results have motivated us to search and compare the existence of lactoferrin-binding protein in B. longum. Therefore, an attempt was taken to examine binding ability of bovine Lf (bLf) to several B. longum strains including previously reported strains and also to evaluate growth promotional ability by bLf at different concentrations. 
Materias and Methods

Protein and other chemicals
Biotinylation of bovine lactoferrin
Bovine lactoferrin was biotinylated according to a previously reported procedure [15] .
The conjugation of biotin to the bLf was confirmed by measuring its electrophoretic mobility.
Sample preparation for confocal laser scanning microscopic (CLSM) observations
Binding assays were performed as described by Rahman et al. [16] . Briefly, after incubation until mid-log phase, bacterial cells were harvested and suspended in phosphate-buffered saline (PBS, pH 7.2). The bacterial suspension was mixed with biotinylated bLf, before being incubated at 37C for 30 min. The cells were then washed by centrifugation in PBS before being incubated with FITC-conjugated avidin (1:100 dilution in PBS) for 30 min at 37C. After a final wash in PBS, the cells were examined under an inverted confocal laser scanning microscope LSM 410 (Carl Zeiss Co., Germany). The control specimens were obtained from the cells that were incubated only with FITC-conjugated avidin without prior exposure to biotinylated bLf.
Detection of lactoferrin-binding protein
Extraction of bacterial membrane fractions and detection of lactoferrin-binding protein was carried out according to previously reported protocol [15] . Briefly, bacterial cells (10 8 CFU) were suspended in 50 l of Dulbecco's phosphate-buffered saline (PBS, pH 7.1) containing protease inhibitor solution (0.1 mM sodium vanadate, 0.5 g/ml herbimycin A, 50 g/ml aprotinin, 25 g/ml leupeptin, 750 g/ml benzamidine and 1 mM phenylmethane sulfonylfluoride). The cells were disrupted by supersonic waves using a Bioruptor UCD-200 (Cosmo Bio, Co., Ltd., Tokyo). The cytosolic fraction (supernatant) was separated by centrifugation at 11,000 g for 10 min. After washing with protease inhibitor solution and cold PBS, the pellet was resuspended in 50 l of lysis buffer (protease inhibitor containing 1% Triton X-100 and 1% CHAPS), and the membrane-associated fraction (supernatant) was obtained by centrifugation at 13,000  g for 15 min.
The extracted cytosolic-and membrane-assiciated proteins were separated by polyacrylamide gel electrophoresis (SDS-PAGE) using a discontinuous gel system and Tris-HCl glycine buffer as described by Laemmli [17] . The gels were either stained with 
Results and discussion
In vitro effect of bLf on the growth of B. longum strains is shown in Fig. 1 . A heterogeneous growth response of the strains was observed. Among the 3 tested strains, B. longum ATCC 15707 showed less response against bLf. However, at higher concentration (2 and 4 mg/ml) a slight increase in growth response was observed. The two other strains (ATCC 15708 and Kd-5-6) showed less response at lower concentration (0.25, 0.5 and 0.5 mg/ml); On the other hand, at higher concentration (2 and 4 mg/ml) good growth responses by these strains were observed. A comparison of present result with previously reported studies on these strains is shown in Table 1 .
Our present findings differ with previously published reports. The differences, as shown in Table 1 , in media, assay methods, source and concentration of lactoferrin used for measuring the effects of Lf on the growth of bifidobacteria may have produced contradictory results.
Bovine lactoferrin ability to bind each B. longum strain was inspected under a confocal laser scanning microscope after exposing bacterial cells to biotinylated bLf and counterstaining with FITC-conjugated avidin (Fig. 2) . In the control specimens Lactoferrin-binding proteins in both the membrane and cytosolic fractions extracted from each B. longum strain are shown in Fig. 3 . Lactoferrin-binding proteins were detected by far western blotting using biotinylated bLf as a probe. All strains exhibited a single band and the estimated molecular weight of these bands was 8 calculated to be approximately 67 kDa (Fig. 3 B) . We previously reported that [11, 12, 15, 16] , it was not detected in the membrane fraction of B. longum ATCC 15707 [11] . It should be noted that no band was appeared when biotinylated bLf was omitted from the experiment.
Bovine lactoferrin showed the ability to bind all bifidobacteria strains used in this study (Fig. 2) . A 67-kDa lactoferrin binding protein was detected in both cytosolic and membrane fractions of all tested strains (Fig.3) . Surprisingly, lactoferrin-binding protein was detected in ATCC 1507 (Fig. 3) , which was reported to be lack in lactoferrin-binding protein in one of our previous work [11] . The experiment was was found to be weaker than that of ATCC 15707 and Kd-5-6 (Fig. 3) . However, our present data seems to be more reliable due to the supporting evidence of cell binding ability by CLSM (Fig. 2) . The binding ability of bLf to bifidobcteria suggests two possible explanations. One is that binding between Lf and bifidobacteria cells could be the result of simple electrostatic interaction between cationic nature of Lf and anionic bacterial cell surface. Another is that presence of lactoferrin-binding protein is a common characteristic in bifidobacteria, and this protein may be either involved in growth promotion mechanism by transferring iron ions or information to the interior of the bacterial cells or may be involved in playing different role.
In the present study, despite presence of lactoferrin-binding protein in all B. longum strains, heterogeneous growth promoting pattern was observed (Fig. 1 ). Bezkorovainy and Topouzian [19] reported that bifidobacteria require iron for growth and they acquire this iron from Lf. Lactoferrin may release iron at lower pH and bifidobacteria utilize this iron for their growth. However, iron requirement may be strain dependent, which produces heterogeneous growth promotion yield by lactoferrin addition. It can also be hypothesized that lactoferrin-binding protein may be activated by bacterial strain according to their requirement. that were used to estimate the molecular weights whereas asterisks indicate lactoferrin-binding protein.
Figure legends
